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Abstract: In the context of all-digital radar systems, phase-modulated continuous wave (PMCW) 1

based on pseudorandom binary sequences (PRBSs) appears a prominent candidate modulation 2

scheme for applications such as autonomous driving. Among the reasons for that are its simplified 3

transmitter architecture and lower linearity requirements, e.g., compared to orthogonal-frequency 4

division multiplexing radars, as well as its high velocity unambiguity and multiple-input multiple- 5

output operation capability that are characteristic of digital radars. For appropriate operation of 6

a PMCW radar, choosing a PRBS whose periodic autocorrelation function (PACF) has low side- 7

lobes and high robustness to Doppler shifts is paramount. In this sense, this article performs an 8

analysis of Doppler shift tolerance of the PACFs of typically adopted PRBSs in PMCW radar sys- 9

tems supported by simulation and measurement results. To accurately measure the Doppler-shift- 10

induced degradation of PACFs, peak power loss ratio (PPLR), peak sidelobe level ratio (PSLR), and 11

integrated-sidelobe level ratio (ISLR) were used as metrics. Furthermore, to account for effects on 12

targets whose ranges are not multiples of the range resolution, oversampled PACFs are analyzed. 13

Keywords: Doppler shift; periodic autocorrelation function; phase-modulated continuous wave; 14

pseudorandom sequence; radar 15

1. Introduction 16

Also known as code-modulated, spread spectrum or pseudonoise (PN) radars, phase- 17

modulated continuous-wave (PMCW) radars [1–3] are a type of digital radar systems that 18

rely on the use of pseudorandom sequences with good autocorrelation properties for yield- 19

ing minimally biased range profiles. In recent literature, PMCW has also been investigated 20

as a potential modulation scheme for joint radar-communication (RadCom) systems [4–8], 21

which can, e.g., be used for enabling coordination and interference avoidance between 22

radar sensors in highly populated scenarios. 23

While inherently high data rates to digital radar systems based on modulation schemes 24

such as orthogonal frequency-division multiplexing (OFDM) [9,10] and orthogonal chirp- 25

division multiplexing (OCDM) [11,12] are also an issue in PMCW [13], the overall system 26

complexity and efficiency of PMCW-based radar systems can be improved with respect 27

to other digital radar modulation schemes if a pseudorandom binary sequence (PRBS) is 28

adopted as a base radar signal. The main advantages of the use of PRBSs comprise the 29

lower linearity requirements and higher efficiency of power amplifiers (PAs) due to the 30

possibility to operate near saturation since a continuous wave (CW)-like signal is trans- 31

mitted [14], the lack of need for I/Q modulation at the transmitter, and the possibility to 32

use linear-feedback shift registers (LFSRs) instead of digital-to-analog converters (DACs) 33
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if PRBSs such as m-sequences are adopted. Furthermore, PRBS-based PMCW radar sys- 34

tems have also been proven to be capable of multiple-input multiple-output (MIMO) op- 35

eration for direction of arrival (DoA) estimation, which is paramount in applications such 36

as highly automated driving (HAD). In this context, orthogonal binary signals, which 37

can either be orthogonal PRBSs in the cross-correlation sense [8,15–17] or outer-coded ver- 38

sions of the same PRBS [8,15,16,18], are assigned to distinct transmit channels and their 39

reflections off targets are received at distinct receive channels and further processed to 40

ultimately enable DoA estimation, e.g., via Fourier beamforming [19,20]. 41

Regardless of whether single-input single-output (SISO) or MIMO operation is aimed, 42

the adopted PRBS by a PMCW radar system should ideally yield an autocorrelation func- 43

tion with low sidelobes and negligible main lobe power degradation under influence of 44

Doppler shifts, so that both erroneous interpretation of sidelobes as targets and signal-to- 45

noise ratio (SNR) loss are avoided. Recent studies in the literature include, e.g., investiga- 46

tion of the sidelobe degradation of the autocorrelation functions of some of the typically 47

used PRBSs in PMCW radars [17] as well as the design of sufficiently long PRBSs to jointly 48

enable high unambiguous range and yield low sidelobe level [21]. While the first study 49

only considers a limited number of typical PRBSs and the second one does not perform 50

a Doppler shift tolerance analysis, both only evaluate the discrete autocorrelation func- 51

tions of PRBSs. Although this may provide some degree of information on the distortion 52

of range profiles caused by sidelobes of the autocorrelation functions, it fails to provide 53

information on sidelobes associated with targets whose range is not an integer multiple 54

of the radar range resolution and therefore prevents a fair comparison among potential 55

PRBSs to be used as a base PMCW signal. Similarly to what is done in the context of 56

OFDM radars in [22], a solution to this is to evaluate the oversampled autocorrelation 57

functions of PRBSs of interest, which can be alternatively interpreted as range ambiguity 58

functions and presents a sinc-like shape due to the band-limited nature of the ultimately 59

received PRBS that is processed for range estimation at the receiver side of the PMCW 60

radar system. In this sense, this article performs an analysis of the Doppler shift tolerance 61

of the oversampled periodic autocorrelation functions (PACFs) of typically used PRBSs in 62

PMCW radar systems. 63

The main contributions of this article are summarized as follows: 64

• An overview of typically adopted PRBSs in PMCW radar systems, namely m-se- 65

quences, Gold sequences, Kasami sequences, almost perfect autocorrelation sequences 66

(APASs), zero correlation zone (ZCZ) sequences, and Golay sequences, and their im- 67

plications on range and velocity ambiguities for different PRBS lengths. For the afore- 68

mentioned analyses, an automotive (1 GHz bandwidth and 79 GHz carrier frequency) 69

and a gesture recognition application (12.5 GHz bandwidth and 140 GHz carrier fre- 70

quency) were considered. For the Golay sequences, both the use of complementary 71

pairs and the use of a single Golay sequence as a variation of ZCZ sequences, which 72

to the best of the authors’ knowledge has not been previously reported in PMCW 73

radar literature, are adressed. 74

• An analysis of the Doppler shift tolerance of the oversampled PACFs of the aforemen- 75

tioned PRBSs for different sequence lengths. For this analysis, a normalized Doppler 76

shift parameter introduced in a previous article [23] was adopted and sequences that 77

achieve similar maximum unambiguous range were compared using peak power 78

loss ratio (PPLR), peak sidelobe level ratio (PSLR), and integrated-sidelobe level ra- 79

tio (ISLR) as metrics. 80

The remainder of this paper is organized as follows. Section 2 outlines the system 81

model of a SISO-PMCW radar system for a generic PRBS, showing closed-form expres- 82

sions for multiple stages of the radar signal processing chain and formulating the problem 83

of correlation-based range sensing under Doppler shifts. Next, Section 3 presents met- 84

rics for evaluating the distortion of the PACF of a PRBS caused by Doppler shifts, which 85

ultimatelly yields distorted range profiles. A comparative performance analysis is then 86

carried out in Section 4, where the relevant aspects of the considered SISO-PMCW radar 87
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system are assessed and the PPLR, PSLR, and ISLR for typically adopted PRBSs in PMCW 88

radar are evaluated to measure the Doppler-shift-induced degradation of range profiles. 89

Finally, concluding remarks are given in Section 5. 90

2. System Model 91

Let a SISO radar system consist of a full-duplex radio-frequency (RF) device, which 92

is capable of transmitting PMCW signals and receiving echoes off targets. The aforemen- 93

tioned signals consist of a carrier signal modulated by a stream of identical PRBSs, having 94

therefore a so-called constant envelope. In this SISO-PMCW radar system, a carrier fre- 95

quency fc is considered. Additionally, a sampling rate Fs ∈ R≥0|Fs and a sampling period 96

Ts ∈ R≥0|Ts = 1/Fs are adopted, which respectively correspond to the chip rate and the 97

chip period of the PRBS. 98

The processing chain of the considered SISO-PMCW radar system in this study is rep- 99

resented in Fig. 1. For the sake of conciseness, the following discussion will be focused on 100

the processing for a single PRBS from the aforementioned stream. At the transmit chan- 101

nel, the PRBS s ∈ {−1, 1}NPRBS×1 of length NPRBS ∈ N is usually generated by an LFSR or 102

DAC. While the transmission of multiple copies of the PRBS is necessary for Doppler-shift 103

and consequently relative radial velocity estimation, it is henceforth assumed that a single 104

copy of the adopted PRBS is transmitted for the sake of simplicity. The resulting ana- 105

log signal s(t) ∈ R|{t ∈ [0, Td]} from digital-to-analog (D/A) conversion with sampling 106

rate Fs on the PRBS s is then up-converted to the carrier frequency fc and amplified by 107

a power amplifier, becoming x(t) ∈ R|{t ∈ [0, Td]}. x(t) is finally transmitted during the 108

dwell time Td ∈ R≥0|Td = NPRBSTs with power PTx by the transmit antenna of gain GTx. 109

Disregarding spectral sidelobes with lower amplitude, the signal x(t) is assumed to be 110

band-limited to f ∈ [ fc − Fs, fc + Fs], as depicted in Fig. 1. 111

The transmit signal x(t) by the transmit antenna travels through the air at the peed of 112

light in vacuum c0, being in sequel reflected off H targets towards the SISO-PMCW radar 113

system. Next, the receive antenna with gain GRx receives a signal y(t) ∈ R|{t ∈ [0, Td]} 114

that is attenuated due to path loss and limited radar cross section (RCS) of targets by a 115

factor αh ∈ R≥0, and contains information on the range Rh ∈ R≥0, and the Doppler shift 116

fD,h ∈ R. The latter is specifically related to the target velocity as fD,h ∈ R| fD,h = 2vh/λ0, 117

where vh ∈ R denotes the radial velocity of the hth target with respect to the radar and 118

λ0 ∈ R≥0|λ0 = c0/ fc denoting the free-space wavelength associated with the carrier fre- 119

quency fc. 120

j

NPRBS

s

s s(t)

x(t)

y(t)

yr

Mag.

Mag.

f

ffc − Fs fc fc + Fs

−Fs/2 0 Fs/2

Figure 1. Simplified SISO-PMCW radar processing chain for range estimation.
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After amplification by a low-noise amplifier, y(t) is downconverted and low-pass fil- 121

tered in an I/Q receiver, where it is assumed to be impaired by an additive white Gaussian 122

noise (AWGN) z(t) ∈ C, prior to analog-to-digital (A/D) conversion with sampling rate Fs 123

and combination into real and imaginary parts of the vector y ∈ CNPRBS×1. It is henceforth 124

assumed that spectral sidelobes are filtered out and that the sinc-shaping from the D/A 125

conversion at the transmitter side is compensated for, which results in a band-limited spec- 126

trum with f ∈ [ fc − Fs/2, fc + Fs/2], and therefore a bandwidth B = Fs, for y as depicted 127

in Fig. 1. Therefore, the nth element of y, n = 0, 1, · · · , NPRBS − 1, is expressed as 128

yn =
H−1

∑
h=0

(

NPRBS−1

∑
m=0

sm
e j2π[(n−m)−n∆,h] − 1

e j 2π
N [(n−m)−n∆,h] − 1

)

αhe j2π fD,hnTc + zn. (1)

In this equation, sn ∈ {−1, 1} is the nth element of the PRBS s and n∆,h = τh/Tc, where 129

τh = 2Rh/c0 denotes the the round-trip delay associated with the hth target range. The 130

sum over n corresponds to the convolution of sn inverse discrete Fourier transform (IDFT) 131

of a discrete-frequency domain vector with unit magnitude response and linear phase 132

defined by the normalized delay n∆,h that sn undergoes. Finally, zn ∈ C represents the 133

resulting contribution of the AWGN z(t) to yn. For the specific case where n∆,h ∈ Z, the 134

aforementioned sum over n in (1) becomes a simple convolution of sn with a Kronecker 135

delta. Consequently, (1) can be rewritten as 136

yn =
H−1

∑
h=0

s〈n−n∆,h〉N
αhe j2π fD,hnTc + zn. (2)

where 〈·〉N is the modulo N operator. For the sake of simplicity, (2) will be henceforth 137

considered rather than its more generic counterpart (1). 138

To generate a range profile out of the ultimatelly received vector y, a periodic cross- 139

correlation with the PRBS s is performed, resulting in the vector r ∈ CNPRBS×1, whose nth 140

element is expressed as 141

rn =
H−1

∑
h=0

[

NPRBS−1

∑
m=0

s〈m−n∆,h〉N
s∗〈−(n−m)〉N

]

αhe j2π fD,hnTc +
NPRBS−1

∑
m=0

zms∗〈−(n−m)〉N
. (3)

The aforementioned processing is known as pulse compression, which, assuming that the 142

effect of the Doppler shifts fD,h on the elements of y is negligible except for the introduced 143

phase rotations, artificially compresses the PRBS s into its PACF Rss ∈ RNPRBS×1. Knowing 144

that nth element of Rss, Rss,n ∈ R, is expressed as [17] 145

Rss,n =
NPRBS−1

∑
m=0

sms∗〈−(n−m)〉N
, (4)

the resulting nth element of r from pulse compression can be expressed as 146

rn =
H−1

∑
h=0

Rss,〈n−n∆,h〉N
αhe j2π fD,hnTc +

NPRBS−1

∑
m=0

zms∗〈−(n−m)〉N
. (5)

In order for targets reflections to be appropriately distinguished from one another 147

and from noise in the range profile r, a number of constrains must be satisfied. Among 148

them are the basic range limitations of the assumed SISO-PMCW radar, which can be 149

derived with a similar analysis to the ones in [8,24]. Those comprise the range resolution 150

∆R = c0/(2B) and the maximum range Rmax = NPRBS,usable∆R = NPRBS,usable[c0/(2B)]. 151

While the range resolution is inversely proportional to the frequency bandwidth B, the 152

maximum range is jointly limited by the usable length NPRBS,usable ∈ N of the PRBS and 153

the range resolution. The usable length NPRBS,usable is defined as either the unambiguous 154
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or low-sidelobe length of the PACF Rss and its relationship with NPRBS depends on the 155

properties of the adopted PRBSs. 156

Further constraints on the quality of the range profile r are related to the PACF of 157

the adopted PRBS. To reduce or even avoid distortion of the obtained range profiles, one 158

should adopt a PRBS s that presents an appropriate PACF pattern, with high main lobe 159

level and reasonably low sidelobe level. Moreover, the degradation of the aforementioned 160

PACF pattern by increasing Doppler shifts must be considered. When Doppler shifts in- 161

crease significantly, the periodic correlation processing stage in Fig. 1 previously described 162

by (3) rather results in 163

rn =
H−1

∑
h=0

[

NPRBS−1

∑
m=0

(

s〈m−n∆,h〉N
e j2π fD,hmTc

)

s∗〈−(n−m)〉N

]

αh +
NPRBS−1

∑
m=0

zms∗〈−(n−m)〉N
. (6)

The pulse compression in this equation can be interpreted as resulting from the peri- 164

odic cross-correlation function (PCCF) of the pseudorandom sequence s and its Doppler- 165

shifted version or simply as the PACF of s under Doppler shift, which is defined as 166

RsDs ∈ RNPRBS×1 and has its nth element expressed as [17] 167

RsDs,n =
NPRBS−1

∑
m=0

(

sme j2π fD,hmTc

)

s∗〈−(n−m)〉N
, (7)

in which RsDs,n ∈ R and the index h of the radar targets has been omitted for the sake of 168

simplicity. Based on previous studies in the literature, it is expected that the effectively 169

compressed PRBS RsDs will present increasing sidelobe level along with the Doppler shift 170

fD [17]. In this context, parameters for assessing the degradation of the PACF of typically 171

adopted PRBSs in PMCW radar systems are presented in Section 3. 172

3. Metrics for Assessing Doppler-Shift-Induced Range Profile Distortion 173

Based on the carried out discussion in the previous section, it can be concluded that 174

the quality of the range profile r depends on the pattern and Doppler-shift tolerance of 175

the PACF of the adopted PRBS. While simply evaluating the non-oversampled PACFs of 176

PRBSs allows some degree of comparison between different sequences [17], it does not 177

consider the fact that target ranges mostly do not fall onto exact multiples of ∆R, therefore 178

resulting in leakage of the targets’ peaks to neighbor range bins even in non-oversampled 179

range profiles due to the band-limited nature of the PMCW radar system. An example 180

is shown in Fig. 2. Out of this reason, the aforementioned metrics to assess the distor- 181

tion of the PACF along with increasing Doppler shifts will henceforth assume oversam- 182

pled PACFs via zero-padding with a factor ι ∈ N≥0 [22]. In this sense, the oversampled 183

PACF of a PRBS s can be denoted by ROS
sDs ∈ RιNPRBS×1, whose ηth element is denoted by 184

ROS
sDs,η ∈ R, η = 0, 1, . . . , ιNPRBS − 1. As an example, Fig. 3 compares the critically sampled 185

and the oversampled PACFs for an m-sequence (Fig. 3(a)) and for an ideal, hypotetical 186

sequence (Fig. 3(b)), both with length NPRBS = 1023. The aforementioned ideal sequence 187

was designed in the discrete-frequency domain, where both a flat magnitude response and 188

zero phase were ensured. This design leads to a Kronecker delta non-oversampled PACF 189

and to the sinc-shaped oversampled PACF shown in Fig. 3(b). 190

Parameters that can be used to compare the oversampled PACFs of different sequences 191

under Doppler shifts are the PSLR and ISLR [22], which are respectively defined as 192

PSLR ,

max
η∈NSL

|ROS
sDs,η|

|ROS
sDs,0|

(8)

and 193
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Figure 2. Non-oversampled range profiles obtained in a SISO-PMCW radar system adopting an

m-sequence of length NPRBS = 1023: (a) target at range bin n = 300 and (b) target at range bin

n = 300.5.
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Figure 3. Comparison between Nyquist-sampled ( ) and oversampled (—, ι = 20) PACFs: (a)

PACF of m-sequence of length NPRBS = 1023 and (b) ideal PACF of an hypotetical sequence of length

NPRBS = 1023.

ISLR ,
∑η∈NSL

|ROS
sDs,η|

∑η∈NML
|ROS

sDs,η|
, (9)

with η ∈ NSL = {ι ≤ η ≤ ιNPRBS,usable − 1} ∪ {ιNPRBS − ιNPRBS,usable + 1 ≤ η ≤ 194

ιNPRBS − ι} and η ∈ NML = {0 ≤ η ≤ ι − 1} ∪ {ιNPRBS − ι + 1 ≤ η ≤ ιNPRBS − 1} 195

denoting the η intervals for the sidelobes and the mainlobe, respectively. The considered 196

intervals for η are chosen so that two extreme cases are considered, namely, the influence 197

of the sidelobes of eventual targets at range 0 and another target at the maximum range 198

Rmax = NPRBS,usable∆R on one another are assessed. Additionally, an increasing main lobe 199

power reduction along with fD is also expected, which can be quantified by the PPLR as 200

[17] 201

PPLR =
|RsDs,0|

2

|Rss,0|2
. (10)

The mainlobe power reduction measured by the PPLR can be interpreted as an SNR 202

loss or a reduction of the processing gain of 10 log10(NPRBS) dB that is expected from the 203

correlation-based range processing in PMCW radars. Consequently, the expected Doppler 204

shifts and resulting processing gain reduction caused by their associated PPLR values 205

must be taken in consideration when defining the link budget of a PMCW radar system, 206

which can be calculated, e.g., as discussed in [16]. 207

Based on the aforementioned parameters, an analysis of the degradation of main lobe 208

and sidelobe levels of the PACF of typical PRBSs for PMCW radar caused by Doppler 209

shifts can be performed to facilitate the choice of an appropriate PRBS that yields in tol- 210
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erable distortion of obtained range profile. In this article, such an analysis is presented in 211

Section 4. 212

4. Comparative performance analysis 213

In this section, a comparative analysis of the PACFs of typically used PRBSs in PMCW 214

radar systems is performed based on the introduced performance metrics in Section 3. In 215

this context, Subsection 4.1 briefly describes the considered PRBSs, while Subsection 4.2 216

investigates the potential of range profile distortion of those PRBSs by analyzing their 217

PACFs under increasing Doppler shifts. 218

4.1. Investigated Pseudorandom Binary Sequences 219

The investigated PRBSs in this article are m-sequences, Gold sequences, Kasami se- 220

quences, binary APASs, binary ZCZ sequences, and binary Golay sequences. Those are 221

the most typically used PRBSs in PMCW radar systems, and their most relevant character- 222

istics for the analysis in this article are discussed as follows. 223

4.1.1. m-Sequences 224

Also known as maximum-length sequences (MLSs), PN sequences, or pseudorandom 225

sequences, m-sequences [25] are a type of PRBS generated by linearly recursive LFSRs 226

[26] of NMLS
bit ∈ N bits. In such LFSRs, every nMLS

bit th bit, nMLS
bit ∈ {0, 1, . . . , NMLS

bit − 1}, 227

is determined by a linear combination of the previous nMLS
bit bits, so that the resulting m- 228

sequence has an odd period or length equal to NPRBS = 2NMLS
bit −1. For m-sequences, it 229

holds that the PACF usable length is equal to the PRBS length, i.e., NPRBS,usable = NPRBS. 230

4.1.2. Gold and Kasami Sequences 231

Gold sequences [27,28] and Kasami sequences [29] are both PRBSs derived from m- 232

sequences and therefore have length NPRBS = 2NMLS
bit −1. Gold or Kasami sequences are 233

generated in larger sets of orthogonal sequences than achievable sets of orthogonal m- 234

sequences, being therefore usually used in code-division multiplexing (CDM) and code- 235

division multiple access (CDMA) applications, such as MIMO operation of PMCW radar 236

systems [17]. This, however, comes at the cost of increased sidelobe level in their PACFs, 237

which will be investigated in further detail for a SISO-PMCW radar system in Subsec- 238

tion 4.2. Although relevant, the suitability of sets of orthogonal Gold and Kasami se- 239

quences for MIMO operation is left for a future study. Regarding PACF usable length, 240

NPRBS,usable = NPRBS is assumed for Gold and Kasami sequences since the sidelobe level 241

of their non-oversampled PACFs is homogeneous. 242

4.1.3. Almost Perfect Autocorrelation Sequences 243

Binary APASs are PRBSs whose non-oversmapled PACFs are nearly ideal in the ab- 244

sence of Doppler shifts. In this article, APASs based on p-ary m-sequences [30] are con- 245

sidered [31]. Such APASs have a strong main lobe at n = 0 and null sidelobes, with the 246

exception of an additional peak at n = NPRBS/2, having therefore usable PACF length 247

n = NPRBS,usable = NPRBS/2 − 1. Additionally, the considered APASs have length NPRBS 248

that is multiple of 4 and satisfies the constraint of NPRBS/2− 1 being a prime power [17,32]. 249

4.1.4. Zero Correlation Zone Sequences 250

Similarly to APASs, binary ZCZ sequences are PRBSs whose non-oversampled PACFs 251

are only ideal within a limited interval of samples in the absence of Doppler shifts, which 252

defines its usable length NPRBS,usable. The main difference is that, instead of having only a 253

single extra peak, the PACF of ZCZ sequences present a wider interval with non-zero side- 254

lobes. In this article, the considered ZCZ sequences are assumed to be generated by the 255

algorithm from [33], which provides the highest flexibility regarding PRBS length NPRBS, 256

PACF usable length NPRBS,usable and number of different sequences of same length [17], 257

the latter being only relevant for MIMO applications. 258
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4.1.5. Golay Sequences 259

Binary Golay sequences are defined in complementary pairs [34], whose sum of non- 260

oversampled PACFs yields an ideal non-oversampled PACF in the absence of Doppler 261

shifts. In this article, those complementary sequences are henceforth called Golay A and 262

Golay B sequence. In order for Golay sequences A and B to be separately transmitted, a 263

multiplexing strategy has to be chosen, being the most common one time-division multi- 264

plexing (TDM). While CDM, e.g., with Hadamard codes, could be used and still keeps 265

the aforementioned complementary sequences binary, it would result in an even longer 266

measurement time [8,16,23]. To avoid mutual interference between those sequences, it 267

is henceforth assumed that cyclic prefixs (CPs) of length N
Golay
CP are pretended to each of 268

them before their successive transmission. Assuming an ideal radar channel, each of the 269

received complementary sequences is correlated with their corresponding transmit coun- 270

terparts at the receiver side of the SISO-PMCW radar system after CP has been removed. 271

The two resulting PACFs are then summed to yield an ultimate PACF. Although the result- 272

ing PACF usable length could be equal to NPRBS due to the expected null sidelobes, the 273

maximum unambiguous range of the SISO-PMCW radar system adopting complemen- 274

tary Golay sequences will be mostly constrained by the CP length N
Golay
CP that is appended 275

to each of the complementary sequences. Consequently, the usable length of PACF re- 276

sulting from the sum of the PACFs of the complementary Golay sequences A and B is 277

NPRBS,usable = N
Golay
CP . In this article, CPs of length N

Golay
CP = NPRBS will be henceforth 278

assumed for each of the complementary sequences so that no reduction in NPRBS,usable is 279

experienced. Another possibility for binary Golay sequences is to transmit just one of the 280

sequences from the complementary pair, i.e., Golay A or Golay B, and use it as a ZCZ 281

sequence. In this context, PACFs with maximum usable length NPRBS,usable < NPRBS are 282

observed. 283

4.1.6. Parameterization Examples for the Investigated Pseudorandom Binary Sequences 284

Given the investigated PRBSs, Table 1 lists the considered PRBS lengths NPRBS and 285

PRBS usable lengths NPRBS,usable in this article. For all investigated PRBSs, lenghts of ap- 286

proximately NPRBS ∈ {256, 512, 1024, 2048, 4096} have been considered when the PRBS of 287

such length exists. To illustrate the achievable maximum range as a function of NPRBS,usable, 288

two scenarios are considered. The first is aiming automotive applications, where a sam- 289

pling rate Fs = 1 GHz and a carrier frequency fc = 79 GHz are adopted, which results in 290

the range resolution ∆R = 0.15 m. The second application is gesture recognition, in which 291

Fs = 12.5 GHz and fc = 140 GHz are considered and ∆R = 0.01 m is achieved. The result- 292

ing maximum unambiguous ranges for both scenarios as a function of NPRBS,usable are 293

shown in Fig. 4. An analysis of this figure based on the NPRBS and NPRBS,usable pairs listed 294

in Table 1 reveals that ZCZ sequences, Golay A and B sequences without sum of their 295

PACFs, and APASs yield the lowest maximum unambiguous range values, in this order, 296

since they have NPRBS,usable < NPRBS. 297

4.2. Evaluation of Doppler Shift Distortion of Range Profiles 298

Defining a frequency resolution ∆ f = Fs/NPRBS for the considered SISO-PMCW radar 299

system, which follows the same principle of subcarrier frequency spacing or bandwidth 300

in OFDM-based systems, one can define a normalized Doppler shift parameter as fD/∆ f 301

[23]. Besides the static case, where fD/∆ f = 0 is experienced, two important points in 302

the fD/∆ f axis are | fD/∆ f | = 0.1, which is usually assumed as the maximum tolerable 303

normalized Doppler shift in OFDM-based radar and communication systems [24,35], and 304

| fD/∆ f | = 0.5, which is associated with the maximum unambiguous velocity of the con- 305

sidered SISO-PMCW radar system given by
∣

∣vmax,unamb

∣

∣ = (0.5∆ f )c0/(2 fc). Considering 306

the same parameters of the automotive and gesture recognition scenarios mentioned in 307

Section 4.1, Fig. 5 shows the corresponding relative radial velocities to the aforementioned 308

| fD/∆ f | values as a function of NPRBS. In this figure, lower relative radial velocities are 309
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Table 1. Considered combinations of PRBS lengths NPRBS and usable PACF lengths NPRBS,usable for

the investigated PRBSs.

Sequence NPRBS NPRBS,usable

m-sequence

255 255
511 511
1023 1023
2047 2047
4095 4095

Gold

255 255
511 511
1023 1023
2047 2047
4095 4095

Kasami
255 255
1023 1023
4095 4095

APAS

256 127
512 251
1020 509
2044 1021
4008 2003

ZCZ

256 32
512 64
1024 128
2048 256
4096 512

Golay A or Golay B

256 64
512 128
1024 256
2048 512
4096 1024

Combined Golay A and B

256 256
512 512
1024 1024
2048 2048
4096 4096

observed for the combination of the complementary sequences Golay A and B due to the 310

overall transmission time for the samples associated with a single range profile. Since 311

N
Golay
CP = NPRBS is adopted for both complementary sequences of length NPRBS, this time 312

becomes Td = (2NPRBS + 2N
Golay
CP )Ts = 4NPRBSTs. Based on the aforementioned normal- 313

ized Doppler shift parameter, a comparative analysis of the Doppler shift tolerance of 314

PRBSs of different lengths is performed as follows. 315

To illustrate the effect of Doppler shifts on the PACFs of the considered PRBSs, Fig. 6 316

shows the oversampled PACFs (ι = 20) of the PRBSs m-sequence, Gold sequence, Kasami 317

sequence, APAS, and ZCZ with approximate length of NPRBS = 1024 under null Doppler 318

shift and at | fD/∆ f | = 0.5. Similarly, Fig. 7 shows the same aforementioned PACF results 319

for the Golay sequences A and B both acting as ZCZ sequences and as complementary 320

sequences that are summed. In both figures, the set of all relevant PACF intervals for 321

calculating the PSLR, ISLR, and PPLR metrics, which are described in Section 3, are high- 322

lighted in red color. In the null Doppler shift cases, it can be observed that ZCZ, APAS, and 323

Golay sequences (both A, B, and their sum) yield sinc-shaped oversampled PACFs in their 324

usable intervals, which is due to the band-limited nature of the considered SISO-PMCW 325

radar system, the remaining sequences yield oversampled PACFs with somewhat differ- 326
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Figure 4. Maximum unambiguous range Rmax = NPRBS,usable∆R for the considered (a) automotive

and (b) gesture recognition scenarios.
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Figure 5. Corresponding relative radial velocity |v| = λ0| fD|/2 to normalized Doppler shifts

| fD/∆ f | = 0.1 (— and ◮ for combination of complementary sequences Golay A and B with

N
Golay
CP = NPRBS for each, and — and N for remaining PRBSs) and | fD/∆ f | = 0.5 (– – and ◮ for

combination of complementary sequences Golay A and B with N
Golay
CP = NPRBS for each, and – –

and N for remaining PRBSs) for the considered (a) automotive and (b) gesture recognition scenarios.

ent shapes. As for the other PRBSs, m-sequences yield nearly sinc-shaped oversampled 327

PACFs for their whole length, while Gold and Kasami sequences present rather irregular 328

sidelobe patterns. When the Doppler shift is increased to | fD/∆ f | = 0.5, all of the consid- 329

ered PRBSs suffer peak power loss and present irregular sidelobe patterns. 330

To accurately quantify the Doppler-shift induced degradation of the oversampled 331

PACFs for different NPRBS values, an analysis assuming the described parameters in Sec- 332

tion 3 is carried out based on simulation and measurement results. The adopted setup for 333

obtaining the proof-of-concept measurement results consists of a monostatic SISO-PMCW 334

radar supporting all PRBSs listed in Table 1 and the radar target simulator (RTS) described 335

in [36] and used in [37–39], both implemented on a Zynq UltraScale+ RFSoC ZCU111 from 336

Xilinx, Inc. To avoid multiple reflections, coaxial cables are used to directly connect the 337

DACs and analog-to-digital converters (ADCs) of the radar connected to the ADCs and 338

DACs of the RTS, respectively. For the aforementioned measurements, a sampling rate of 339

Fs = 100 MHz was used for the SISO-PMCW radar system and the aforementioned RTS 340

was used to introduce the Doppler shifts that result in fD/∆ f values ranging from 0 to 0.5. 341

While a low sampling rate was adopted to keep the absolute Doppler shifts at reasonable 342

values that can be supported by the RTS, it is recalled that the normalized Doppler shifts 343

fD/∆ f drive the ultimate degradation of the PACF, which allows predicting the behavior 344

of SISO-PMCW radar systems with other Fs values based on the presented results. 345

4.2.1. Peak Power Loss Ratio 346

The attained PPLR results are shown in Fig. 8. Since, except for the sums of the PACFs 347

of the complementary sequences Golay A and B, all considered PRBSs from Table 1 theo- 348
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Figure 6. Normalized oversampled PACFs (ι = 20) under fD/∆ f = 0 and | fD/∆ f | = 0.5 of (a,b)

m-sequence, (c,d) Gold sequence, (e,f) Kasami sequence, (g,h) APAS, and (i,j) ZCZ sequence. An

with approximate length of NPRBS = 1024 was adopted for all PRBSs. The relevant PACF intervals

described in Section 3 are highlighted in red color.

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 14 April 2022                   doi:10.20944/preprints202203.0396.v2

https://doi.org/10.20944/preprints202203.0396.v2


Version April 13, 2022 submitted to Sensors 12 of 21

0 2 4 6
-45

-30

-15

0

η/ι

N
o

rm
.
∣ ∣ ∣
R

O
S

s D
s,

η

∣ ∣ ∣
(d

B
)

0 100 200 300 400 500 600 700 800 900 1000

-100

-80

-60

-40

-20

0

(a)

0 2 4 6
-45

-30

-15

0

η/ι

N
o

rm
.
∣ ∣ ∣
R

O
S

s D
s,

η

∣ ∣ ∣
(d

B
)

0 100 200 300 400 500 600 700 800 900 1000

-100

-80

-60

-40

-20

0

(b)

0 2 4 6
-45

-30

-15

0

η/ι

N
o

rm
.
∣ ∣ ∣
R

O
S

s D
s,

η

∣ ∣ ∣
(d

B
)

0 100 200 300 400 500 600 700 800 900 1000

-100

-80

-60

-40

-20

0

(c)

0 2 4 6
-45

-30

-15

0

η/ι

N
o

rm
.
∣ ∣ ∣
R

O
S

s D
s,

η

∣ ∣ ∣
(d

B
)

0 100 200 300 400 500 600 700 800 900 1000

-100

-80

-60

-40

-20

0

(d)

0 2 4 6
-45

-30

-15

0

η/ι

N
o

rm
.
∣ ∣ ∣
R

O
S

s D
s,

η

∣ ∣ ∣
(d

B
)

0 100 200 300 400 500 600 700 800 900 1000

-100

-80

-60

-40

-20

0

(e)

0 2 4 6
-45

-30

-15

0

η/ι

N
o

rm
.
∣ ∣ ∣
R

O
S

s D
s,

η

∣ ∣ ∣
(d

B
)

0 100 200 300 400 500 600 700 800 900 1000

-100

-80

-60

-40

-20

0

(f)

Figure 7. Normalized oversampled PACFs (ι = 20) under fD/∆ f = 0 and | fD/∆ f | = 0.5 of Golay

sequences (a,b) A and (c,d) B acting as ZCZ sequences, and (e,f) sum of the PACFs of the comple-

mentary Golay sequences A and B. An with approximate length of NPRBS = 1024 was adopted for

all PRBSs. The relevant PACF intervals described in Section 3 are highlighted in red color.

retically yield the same PPLR versus fD/∆ f results as shown in Fig 8(a), their measured 349

PPLR values for all considered PRBSs were combined. The same is done for the combina- 350

tion of the complementary sequences Golay A and B, which yields the same PPLR profile 351

regardless of the length NPRBS of each of the complementary sequences. To account for 352

variations in the measurements, both the mean PPLR (continuous line) and its standard 353

deviation (shading in the background) are shown in Fig. 8(b). An analysis of the simu- 354

lated results in Fig. 8(a) and the measured results in Fig. 8(b) show a close match, being 355

the minor deviations explained by imperfect measurement calibration. 356

The achieved results show a negligible PPLR of only −0.14 dB at | fD/∆ f | = 0.1 for 357

the greater set of PRBSs, i.e., all but the combination of the complementary sequences 358

Golay A and B. At | fD/∆ f | = 0.5, however, a PPLR of around −4 dB is observed, which 359

causes a more significant reduction of the ideal processing gain of 10 log10(NPRBS) dB and 360

ultimately reduces the SNR of target reflections in the range profile. The achieved results 361

can, e.g., be illustrated by the lower normalized mainlobe levels at | fD/∆ f | = 0.5 com- 362

pared to their original levels at fD/∆ f = 0 in the previously discussed Figs. 6 and 7 for 363

NPRBS ≅ 1024. 364
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(a) (b)

Figure 8. Simulated (a) and measured (b) PPLR as a function of fD/∆ f . Except for the combination

of complementary sequences Golay A and B (◮), which achieves the same PPLR profile for all NPRBS

values, all other considered PRBSs listed in Table 1 (N) achieve the same result. For the measurement

results, the mean PPLR values are shown as solid lines, while their standard deviations are indicated

by the shading in the background.

As for the sum of the PACFs of the complementary sequences Golay A and B, much 365

more relevant PPLR degradation is observed, with worse values than −10 dB for | fD/∆ f | 366

between 0.2 and 0.3. The reason for the PPLR degradation is the Doppler-shift-induced 367

phase rotation e j2π fD(2NPRBS/Fs) = e j4π( fD/∆ f ) between the evaluated Golay A and B se- 368

quences assuming the use of a CP of length N
Golay
CP = NPRBS, which results in a non- 369

coherent accumulation of the PACF of the complementary sequences and, consequently, 370

in both a processing gain and SNR reduction. It is worth highlighting that while using 371

shorter CP lengths would yield less PPLR degradation and higher maximum unambigu- 372

ous velocity, it would also reduce the maximum unambiguous range. For more detailed 373

description of the non-coherent accumulation effect, the reader is referred to the analysis 374

in a previous study [23]. 375

4.2.2. Peak-to-Sidelobe Level Ratio 376

Next, the simulated PSLR results for all PRBSs from Table 1 are shown in Fig. 9. Those 377

are validated by the measured PSLR results as functions of fD/∆ f presented in Fig. 10 for 378

all considered PRBSs. 379

Overall, very similar PSLR performance is achieved by most of the considered PRBSs, 380

which also present relatively stable PSLR values over the considered fD/∆ f range. This 381

can, e.g., be illustrated by the highest sidelobe level in the previously discussed Figs. 6 382

and 7 for NPRBS ≅ 1024. Among the exceptions are the ZCZ sequence with NPRBS ∈ 383

{256, 512, 1024}, Golay A and Golay B sequences with NPRBS = 256, Kasami sequence 384

with NPRBS = 255, and APAS with NPRBS = 256, for which the PSLR degrades after reach- 385

ing high fD/∆ f values. Among the aforementioned sequences, the ones with lower NPRBS 386

start suffering from observable PSLR degradation at lower | fD/∆ f | values compared to 387

their counterparts with longer PRBS length NPRBS. This can be explained by the fact that 388

the ratio fD/∆ f corresponds to a shift in samples in the discrete-frequency domain. There- 389

fore, the same shift by fD/∆ f samples becomes relatively less relevant in comparison to 390

the total number of samples NPRBS as the PRBS length increases. With the increased rel- 391

evance of Doppler shifts, the nearest sidelobe to the mainlobe, which is not significantly 392

affected by Doppler shifts as depicted in Figs.6 and 7, does not dominate the PSLR trend 393

anymore. Rather, sidelobes located far from the mainlobe may become stronger than the 394

aforementioned one and degrade the PSLR performance. Further exceptions are the com- 395

binations of the complementary sequences Golay A and B, which tend to behave similarly 396

as the remaining PRBSs of similar NPRBS,usable for low and high | fD/∆ f |, but suffer severe 397

PSLR degradation in the middle range of the considered | fD/∆ f | values (between 0.2 and 398

0.3, approximately) due to the mainlobe degradation effect described in Section 4.2.1. 399
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Focusing on | fD/∆ f | ≤ 0.1, which is typically assumed, e.g., in OFDM radar systems, 400

it is seen that all considered PRBSs experience negligible PSLR degradation and most of 401

them present nearly the same PSLR of around −13.27 dB, which is related to the sinc-like 402

shape of the oversampled PACFs. Among exceptions are Gold sequences, which presents 403

PSLRs around 0.36 dB to 1.87 dB higher than the aforementioned −13.27 dB depending on 404

the sequence length, and Kasami sequences, whose variants with NPRBS = 255, NPRBS = 405

1023, and NPRBS = 4095 present a PPLR 1.65 dB lower, 0.86 dB higher, and 0.21 dB lower 406

than the trend for the remaining sequences of achieving similar NPRBS,usable, respectively. 407

4.2.3. Integrated-Sidelobe Level Ratio 408

Unlike in the PPLR and PSLR results, where nearly all PRBSs perform equally and 409

only small differences are observed, more relevant changes in the ISLR are observed due 410

to the fact that it considers the whole range of sidelobes associated with NPRBS,usable as 411

described in Section 3. This is observed, e.g., in Figs. 6 and 7 for NPRBS ≅ 1024, where 412

significant differences in the degradation of the sidelobe patterns of the PACFs of different 413

PRBSs are observed at | fD/∆ f | = 0.5 w.r.t. their counterparts at | fD/∆ f | = 0. 414

The simulated and mean measured ISLR results are shown in Figs. 11 and 12, respec- 415

tively, and are in good agreement for all PRBSs from Table 1 and | fD/∆ f | values. The 416

achieved results show that the oversampled PACFs of the complementary sequences Go- 417

lay A and B achieved the highest ISLR values of all for | fD/∆ f | between around 0.2 and 418

0.3, which is due to the increase of the sidelobes that otherwise tends to be similar as in the 419

ZCZ sequences and the reduction of the mainlobe power as described in Section 4.2.1. The 420

next highest ISLR values compared to the remaining sequences of similar NPRBS,usable over 421

the whole considered | fD/∆ f | range are achieved by the oversampled PACFs of Gold and 422

Kasami sequences. Besides the two aforementioned sequences, APAS present the worst 423

ISLR values for reasonable normalized Doppler shifts, i.e., | fD/∆ f | ≤ 0.1, being followed 424

by m-sequences, Golay A and B sequences, and ZCZ sequences, all with very similar 425

ISLR performances. If, however, higher normalized Doppler shift values are considered, 426

the ISLR associated with oversampled m-sequence PACFs degrades rapidly and tends 427

to yield close values to the ISLRs of Gold and Kasami sequences. The second most severe 428

ISLR degradation is experienced by Golay A and B sequences, which however still achieve 429

ISLR values more than 3 dB lower than the ones achieved by m-sequences. Furthermore, 430

APAS and ZCZ experience similar ISLR degradation. Finally, the achieved results show 431

that ZCZ sequences achieve the lowest ISLR over the whole considered | fD/∆ f | range 432

compared to the other PRBSs with similar NPRBS,usable when there exists a ZCZ sequence 433

for the given NPRBS and NPRBS,usable pair. 434

4.2.4. Additional Remarks 435

Finally, it is worth highlighting that, although the PSLR and ISLR enable an objective 436

comparison among the considered PRBSs, which is the aim of this article, they must be 437

analyzed with care when assessing the overall quality of obtained range profiles. Among 438

reasons for that are (i) the fact that the nearest sidelobe to the mainlobe dominates the 439

PSLR performance for most considered PRBSs and sequence lengths NPRBS as discussed 440

in Section 4.2.2, and (ii) the fact that most of the integrated sidelobe level used for ISLR 441

calculation is concentrated around the mainlobe. The aforementioned factors may result 442

in the masking of a significant dynamic range reduction at some regions of the PACF by 443

the PSLR and ISLR metrics. This can be clearly seen, e.g., when observing the Doppler- 444

shift degraded oversampled PACF for Gold sequences in Fig. 6(d) compared to its original 445

form in Fig. 6(c), which is not reflected by the nearly constant PSLR in Figs.9 and 10 nor by 446

the ISLR degradation of around 3.5 dB in Figs.11 and 12. With the use of range window- 447

ing functions, which are commonly used in practice but not considered in this article for 448

the sake of conciseness, both PSLR and ISLR metrics tend to better reflect changes in the 449

dynamic range. 450
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(a) (b)

(c) (d)

(e) (f)

(g) (h)

Figure 9. Simulated PSLR as a function of fD/∆ f for the considered PRBSs with approximate PACF

usable length of (a) NPRBS,usable = 32, (b) NPRBS,usable = 64, (c) NPRBS,usable = 128, (d) NPRBS,usable =

256, (e) NPRBS,usable = 512, (f) NPRBS,usable = 1024, (g) NPRBS,usable = 2048, and (h) NPRBS,usable =

4096. The considered PRBSs are m-sequence ( ), Gold sequence (�), Kasami sequence (�), APAS

(H), ZCZ sequence (N), Golay A (B), Golay B (⋆), and the combination of complementary sequences

Golay A and B (◮). The correspondence between their NPRBS,usable and NPRBS values is listed in

Table 1.
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(a) (b)

(c) (d)
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(g) (h)

Figure 10. Measured PSLR as a function of fD/∆ f for the considered PRBSs with approximate PACF

usable length of (a) NPRBS,usable = 32, (b) NPRBS,usable = 64, (c) NPRBS,usable = 128, (d) NPRBS,usable =

256, (e) NPRBS,usable = 512, (f) NPRBS,usable = 1024, (g) NPRBS,usable = 2048, and (h) NPRBS,usable =

4096. The considered PRBSs are m-sequence ( ), Gold sequence (�), Kasami sequence (�), APAS

(H), ZCZ sequence (N), Golay A (B), Golay B (⋆), and the combination of complementary sequences

Golay A and B (◮). The correspondence between their NPRBS,usable and NPRBS values is listed in

Table 1.
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(a) (b)

(c) (d)
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(g) (h)

Figure 11. Simulated ISLR as a function of fD/∆ f for the considered PRBSs with approximate PACF

usable length of (a) NPRBS,usable = 32, (b) NPRBS,usable = 64, (c) NPRBS,usable = 128, (d) NPRBS,usable =

256, (e) NPRBS,usable = 512, (f) NPRBS,usable = 1024, (g) NPRBS,usable = 2048, and (h) NPRBS,usable =

4096. The considered PRBSs are m-sequence ( ), Gold sequence (�), Kasami sequence (�), APAS

(H), ZCZ sequence (N), Golay A (B), Golay B (⋆), and the combination of complementary sequences

Golay A and B (◮). The correspondence between their NPRBS,usable and NPRBS values is listed in

Table 1.
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(a) (b)
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Figure 12. Measured ISLR as a function of fD/∆ f for the considered PRBSs with approximate PACF

usable length of (a) NPRBS,usable = 32, (b) NPRBS,usable = 64, (c) NPRBS,usable = 128, (d) NPRBS,usable =

256, (e) NPRBS,usable = 512, (f) NPRBS,usable = 1024, (g) NPRBS,usable = 2048, and (h) NPRBS,usable =

4096. The considered PRBSs are m-sequence ( ), Gold sequence (�), Kasami sequence (�), APAS

(H), ZCZ sequence (N), Golay A (B), Golay B (⋆), and combination of complementary sequences

Golay A and B (◮). The correspondence between their NPRBS,usable and NPRBS values is listed in

Table 1.
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5. Conclusion 451

This article presented an analysis of Doppler shift tolerance of the oversampled PACFs 452

of typically adoped PRBSs in PMCW radars, namely m-sequences, Gold sequences, Kasami 453

sequences, APASs, ZCZ sequences, and Golay sequences. After a mathematical formula- 454

tion of the problem of range estimation via correlation in PMCW radar systems under 455

Doppler shifts, the need for evaluating oversampled PACFs to capture effects on targets 456

that are not at distances that are exact multiples of the range resolution was discussed. 457

Next, PSLR, ISLR, and PPLR parameters were adopted for measuring the Doppler-shift- 458

induced degradation of oversampled PACFs of the aforementioned PRBSs and conse- 459

quently ultimately generated range profiles. Finally, a numerical analysis supported by 460

simulation and measurement results was carried out. 461

The achieved results showed that, to avoid unwanted high sidelobes, only a short 462

section of the output range profiles from the correlation operation is used in PMCW radar 463

systems based on ZCZ sequences, Golay A and B sequences (used as individual sequences 464

in a similar manner as ZCZ sequences) without sum of their oversampled PACFs, and 465

APASs. Consequently, these PRBSs yield the lowest maximum unambiguous range values 466

compared with the remaining PRBSs of same length. Furthermore, if the oversampled 467

PACFs of complementary Golay sequences are to be summed, then a multiplexing strategy 468

has to be adopted. In this article, TDM was the chosen approach to keep the baseband 469

PMCW signal binary, which leads to a higher transmission time for the samples associated 470

with a single range profile and consequently lower tolerable relative radial velocities. 471

As for the Doppler-shift-induced degradation of oversampled PACFs, it was shown 472

that all sequences yield the same PPLR results. The only exception is the sum of the over- 473

sampled PACFs of the complementary sequences Golay A and B, which is severely de- 474

graded for certain Doppler shift values due to non-coherent sum or accumulation of the 475

complementary sequences. In terms of PSLR, most sequences present negligible degrada- 476

tion. An exception is the combination of the complementary sequences Golay A and B 477

due to the main lobe degradation observed in the PPLR analysis. Furthermore, ZCZ se- 478

quences, Golay A and B sequences used as individual sequences, and Kasami sequences 479

of low PRBS length also present PSLR degradation, which was of less than 4 dB for a 480

Doppler shift range that yields relative radial velocities close to the maximum unambigu- 481

ous one. Finally, the oversampled PACFs of the analyzed PRBSs in this article yielded 482

distinct ISLR values and degradation over the considered Doppler shift range. If, how- 483

ever, only Doppler shift values below the one defined by the same criterion for maximum 484

tolerable velocity in OFDM radars are considered, most PRBSs yield very similar ISLR 485

values and negligible degradation. The only exceptions are APASs, which yield around 486

3 dB higher ISLR, and Gold and Kasami sequences, which yield ISLR values around 9 dB 487

higher than observed in the oversampled PACFs of the remaining PRBSs. Consequently, 488

if a hardware-efficient design of a PMCW radar system is aimed, m-sequences appear as 489

good candidates due to their good robustness to moderate Doppler shifts defined by the 490

aforementioned criterion originally set for OFDM radars, and their possibility of genera- 491

tion with LFSRs instead of complex high-speed DACs. 492
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